1. The Concept of Parity P -In 1924, in analyzing the structure of the spectrum 1 of iron, Otto Laporte found that there are two kinds of terms, which he called "primed" and "unprimed". Transitions are always from primed to unprimed terms or vice versa, and never between primed terms or between unprimed terms. This selection rule was then found to apply to the atomic spectra of other elements as well, and was given the name of "Laporte's rule," or the "Laporte-Russell rule." (1 I which was called "Spiegelung" but designated by the symbol i , by Weyl . For the eigenvalue of this operator Weyl used the name "signature." In the 1931 book 3 of Wigner, the eigenvalue was called the "Spiegelungscharakter." I do not know 4 precisely when the name "parity" was adopted. In 1935, Condon and Sbortley used the term "parity operator. " Parity symmetry rapidly became a part of the language of atomic, molecular and nuclear physics in the 1930s. Level assignments, selection and intensity rules, and angular distributions were discussed with the concept of parity conservation assumed, explicitly or imp1 ici tly. When elementary particle physics began to develop, parity conservation was naturally carried over into the new field.
Before going into the subject of parity nonconservation, it is interesting to recall that while the wide use of group theory in physics is taken for granted today, the introduction of group theory in physics by Weyl and Wigner in the late 1920s was by no means welcome at the time. In the preface to the 1959 English 3 translation of his book Wigner wrote:
When the original German version was first published, in 1931, there was a great reluctance among physicists toward accepting group theoretical arguments and the group theoretical point of view. It pleases the author that this reluctance has virtually vanished in the meantime Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1982830 and that, i n f a c t , the younger generation does n o t understand t h e causes and the basis f o r t h i s reluctance. O f t h e o l d e r generation i t was probably M. von Laue who f i r s t recognized the s i g n i f i c a n c e o f group theory as t h e n a t u r a l t o o l w i t h which t o o b t a i n a f i r s t o r i e n t a t i o n i n problems o f quantum mechanics. Von Laue's encouragement o f both publisher and author c o n t r i b u t e d s i g n i f i c a n t l y t o b r i n g i n g t h i s book i n t o existence. I l i k e t o r e c a l l h i s question as t o which r e s u l t s derived i n t h e present volume I considered most important. My answer was t h a t t h e explanation o f Laporte's r u l e ( t h e concept o f p a r i t y ) and t h e quantum theory o f the vector a d d i t i o n model appeared t o me most s i g n i f i c a n t . Since t h a t time, I have come t o agree w i t h h i s answer t h a t t h e r e c o g n i t i o n t h a t almost a11 r u l e s o f spectroscopy f o l l o w from t h e symmetry o f t h e problem i s t h e most remarkable r e s u l t .
I n t h e twenty odd years since t h i s paragraph was w r i t t e n , l a r g e r and l a r g e r L i e groups have found t h e i r ways i n t o t h e l i t e r a t u r e o f physics. One cannot escape wondering whether a good and important development has been abused.
Now we come t o t h e 1950s. I n studying t h e decay o f t h e T meson, Dal i t z analyzed i t s s p i n -p a r i t y p o s s i b i l i t i e s through t h e i n t r o d u c t i o n o f t h e famous 5
D a l i t z p l o t . This was an e s p e c i a l l y useful method, and by January 1955 he 6 reached t h e conclusion t h a t " i f the s p i n o f t h e T meson i s l e s s than 5, i t cannot decay i n t o two TI mesons." I n other words, the s p i n -p a r i t y assignment o f the T and t h e 8 were very l i k e l y d i f f e r e n t . This conclusion had, however, t o be balanced against t h e experimental r e s u l t s about t h e masses and l i f e t i m e of the T and the 9. The atmosphere around t h a t t i m e can be seen from t h e f o l l o w i n g 7 paragraph i n a r e p o r t e n t i t l e d 'Present Knowledge about t h e New P a r t i c l e s " t h a t I gave a t t h e I n t e r n a t i o n a l Conference on Theoretical Physics, held i n September 1956 i n Seattle:
However i t w i l l n o t do t o jump t o hasty conclusions.
T h i s i s because experimentally t h e K mesons seem a l l t o have t h e same masses and t h e same l i f e t i m e s . The masses a r e known t o an accuracy o f say from 2 t o 10 e l e c t r o n masses, o r a f r a c t i o n o f a percent, and the l i f e t i m e s are known t o an accuracy o f say 20%. Since p a r t i c l e s which have d i f f e r e n t s p i n and p a r i t y values, and which have strong i n t e r a c t i o n s w i t h t h e nucleons and pions are n o t expected t o have i d e n t i c a l masses and l i f e t i m e s , one i s forced t o keep t h e question open whether the inference mentioned above t h a t t h e T+ and 8' a r e n o t t h e same p a r t i c l e i s conclusive. P a r e n t h e t i c a l l y , I might add t h a t the inference would c e r t a i n l y have been regarded as conclusive, and i n f a c t more well founded than many inferences i n physics, had i t n o t been f o r t h e anomaly of mass and l i f e t i m e degeneracies.
It i s i n t e r e s t i n g t o note t h a t the use o f the word "anomaly" betrays the feeling around t h a t time t h a t the degeneracies should n o t have been there.
The dilemma was c a l l e d the 8-T puzzle, which became c l e a r l y defined by e a r l y 1956. A t t h e Rochester Conference t h a t year, i n A p r i l , I gave a rapporteur's 8 t a l k on the new p a r t i c l e s and devoted more than h a l f o f my time t o t h i s puzzle .
Oppenheimer said a t the end o f the session, "The T-meson w i l l have e i t h e r domestic o r foreign complications. It w i l l n o t be simple on both fronts."
The puzzle was l a t e r solved by the discovery o f p a r i t y nonconservation.
Why was t h a t n o t t h e obvious immediate solution? I t h i n k there were three reasons:
1. Geometrical symmetries were generally thought, automatically, t o be absolute.
The precision o f space-time symmetries i n atomic, molecular and nuclear physics only served t o re-enforce t h i s a . p r i o r i be1 i e f . 2. P a r i t y selection r u l e s worked w e l l i n nuclear as well as atomic physics. Hundreds o f experiments have been successfully analyzed i n terms o f p a r i t y selection r u l e s i n nuclear l e v e l i d e n t i f i c a t i o n , nuclear reactions and f3-decay.
It was thus d i f f i c u l t t o e n t e r t a i n p a r i t y v i o l a t i o n i n the face o f such extensive experiences o f t h e past.
3.
The idea t h a t p a r i t y i s n o t conserved only i n weak i n t e r a c t i o n s was n o t y e t born. I n l a t e A p r i l and e a r l y May o f 1956, T. D. Lee and I worked on the 8-7 puzzle. I n p a r t i c u l a r we worried about the d e f i n i t i o n o f the dihedral angle i n the experiment which had been reported a t the Rochester Conference by the groups o f R. P. Shutt, J. Steinberger and W. D. Walker. One day Lee and I h i t upon the idea t h a t perhaps p a r i t y i s n o t conserved only i n t h e weak interactions. That would produce an up-down asymmetry i n ( 2 ) . This idea l e d t o a few weeks o f i n t e n s i v e work, especially i n @-decay. I n June we submitted a paper t o the Physical Review e n t i t l e d " I s P a r i t y Conserved i n Weak Interactions?". I t was published9'10 i n October, b u t the t i t l e became "Question o f P a r i t y Conservation i n Weak
Interactions," because the e d i t o r r u l e d t h a t the t i t l e must n o t contain a question mark .
We suggested several t e s t s t o f i n d whether p a r i t y i s conserved i n t h e weak i n t e r a c t i o n s . Two groups s t a r t showed, i n e a r l y January 1957, d e f i n i t e p a r i t y nonconservation i n 6-decay, R. L. Garwin, L. M. Lederman and M. Weinrich rushed t o completion i n 48 hours another experiment on p a r i t y nonconservation. The r e s u l t s o f these t h r e e experiments1' convinced a l l p h y s i c i s t s t h a t p a r i t y i s n o t conserved i n weak i n t e r a c t i o n s .
2.
The Concept o f Time Reversal T -Time reversal invariance i n c l a s s i c a l physics was a s u b j e c t which has been w e l l studied already i n t h e 1 9 t h century. Modern understanding o f t h i s invariance s t a r t e d w i t h Kramers ' theorem1 * t h a t i n any e l e c t r i c f i e l d , f o r an odd number o f electrons, the enerqv eiqenstates a r e a t l e a s t doubly degenerate. To prove t h i s theorem, Kramers considered an operator t h a t involved t h e complex conjugate o f t h e wave f u n c t i o n o f t h e e l e c t r o n system.
Two years l a t e r , wigner13 showed t h a t t h i s operator was t h e c o r r e c t operator f o r
time r e v e r s a l i n quantum mechanics.
Wigner's time reversal operator was n o t immediately appreciated14 by p h y s i c i s t s . As l a t e as 1941, when Pauli wrote h i s review a r t i c l e 1 5 on f i e l d theory, t h i s operator was n o t mentioned and Pauli seemed t o f a v o r another one n o t i n v o l v i n g the complex conjugation operation (which was n o t correct.)
Indeed the complex conjugation operation made t h e time reversal operator d i f f i c u l t t o understand. I t also made i t d i f f i c u l t t o use, so t h a t throughout the 1930s and 1940s t h e r e were few papers on t h e subject.
Today we know t h a t an important a p p l i c a t i o n o f time reversal invariance i s t h e determination o f t h e r e l a t i v e phases o f t h e m a t r i x elements f o r t r a n s i t i o n s . The f i r s t use o f t h i s idea was by S. Lloyd who discussed16 t h e r e l a t i v e phases
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o f m a t r i x elements f o r e l e c t r i c 2 -pole and magnetic pole r a d i a t i o n s .
Schwinger introduced17 another formulation o f time reversal invariance. But h i s f o r m u l a t i o n i s i n f a c t e q u i v a l e n t t o t h a t o f Wigner.
3.
The Concept o f Charge Conjugation C -The concept o f charge conjugation has an o r i g i n which i s e n t i r e l y d i f f e r e n t from t h a t o f p a r i t y and o f time reversal. I n fact, i t has no counter p a r t i n c l a s s i c a l mechanics a t a l l .
When I l i r a c l 8 wrote h i s paper on the Dirac equation he mentioned i n t h e i n t r o d u c t i o n t h a t t h e negative energy s t a t e s a r e problems: "The r e s u l t i n g theory i s t h e r e f o r e s t i l l o n l y an approximation,. . .". Two years l a t e r he came back t o t h i s problem i n a paper19 c a l l e d "A Theory o f Electrons and Protons" i n which he proposed t h a t " a l l t h e s t a t e s o f negative energy are occupied except perhaps f o r a few.. . ". These unoccupied negative energy s t a t e s he c a l l e d "holes" and he assumed t h a t " t h e holes i n the d i s t r i b u t i o n o f negative-energy electrons are the protons." He then r a i s e d the question "Can t h e present theory account f o r the great dissymmetry between electrons and protons, which manifests i t s e l f through their different masses and the power of protons t o combine t o form heavier atomic nuclei?". Soon a f t e r t h i s paper was published, Tamm, Dirac, Oppenheimer and Weyl reached the conclusionz0 that the asymmetry hoped f o r was not there. Furhtermore, i f the hole were the proton the l i f e time of a hydrogen atom would be %10-1° sec. which i s clearly wrong. 0ppenheimerZ1 proposed therefore that the proton and electron should be treated separately. The result was the view t h a t in the world as we know i t , aZZ,and not merely nearly a l l , of the negative-energy s t a t e s f o r electrons are occupied. A hole, i f there were one, would be a new kind of particle, unknown t o experimental physics, having the same mass and opposite charge t o an electron. W e may c a l l such a particle an anti-electron. 22
Thus was born the concept of the charge conjugate particle. I have likened the step taken by Dirac t o i n i t i a t e the "hole" idea t o "the f i r s t introduction of the negative numbers." I t was t o lead t o today's more sophisticated view of the nature of the "vacuum", which i s a revolution in our concept of space-time. I had always admired Dirac's courage in proposing such a crazy idea as the sea of negative energy particles. When I talked t o Dirac one day about t h i s , however, he said the idea was not that crazy a t the time, ( i n his opinion), because people were already familiar with holes i n atomic shell structure. I think i t may have appeared t o him t o be not sotcrazy, because he believed that2* the most powerful method of advance that can be suggested a t present i s t o employ a l l the resources of pure mathematics in attempts t o perfect and generalise the mathematical formalism that forms the existing basis of theoretical physics, and after each success in t h i s direction, t o t r y t o interpret the new mathematical features in terms of physical e n t i t i e s . .. . The next step in t h i s development was taken by ~u r r~'~ who proved a theorem, l a t e r called the Furry theorem, which in the language of Feynman diagrams, i s the statement that f o r odd order electron-positron loops in quantum electrodynamics, the two diagrams w i t h oposite directions f o r the electron arrow cancel each other. Furry emphasized in the abstract of his paper t h a t the cancellation was "brought about by the distribution's symetry between the electrons and positrons."
A t about the same time, ~a j o r a n a *~, and l a t e r ~r a m e r s '~ started the formal treatment of conjugation symmetry.
These three papers published i n 1937 were very interesting since in addition t o charge conjugation they touched on various additional concepts that became interesting or important l a t e r on: Majorana's paper introduced the Majorana theory of the neutrino. Kramer's paper concluded with the following sentences In a l a t e r paper we will discuss more closely the possibility of actually computing t h i s correction. ( I t a l i c s original ).
I t seemed, however, that although Kramers started on the idea of the renormalization 14
program already in 1937, he did not bring i t t o a successful conclusion -
In the post World War I1 era, Furry's theorem was generalizedz7 t o various types of meson-nucleon couplings and Pais and ~o s t~~ showed that these are related t o charge conjugation invariance and t o charge symmetry. Further applications of 30 charge conjugation invariance were made by ~i c h e l " and by Lee and Yang .
The experiments of [1956] [1957] showing that parity conservation i s not observed in the weak interactions also showed 'ly3' t h a t charge conjugation invariance i s not observed in weak interactions.
4. CPT Theorem -In Schwinger's papers32 about f i e l d theory, there i s implicit realization of what was l a t e r called the CPT theorem which s t a t e s that in any Lorentz-invariant local f i e l d theory, the operator CPT leaves the theory invariant, even though the C,P and T operatros individually may not do so. This theorem was partially proved by ~u d e r s~~ and more completely by ~a u l i34, and became of great practical importance3' in the mid 1950s.
In 1957 ~o s t~~ pointed out the relationship between the CPT theorem and mi crocausal i ty.
From the conceptual viewpoint, i t i s interesting t o observe that quantum mechanics necessitated the use of complex numbers as an essential element in our description of the physical universe, and quantum f i e l d theory necessitated the 36 use of analytical functions. O u t of these developments came the CPT theorem .
W e of course do not know a t t h i s moment whether and what more sophisticated developments l i e ahead in our understanding of the CPT theorem.
5. Violation of CP Invariance -After the discovery of P and C nonconservation, in order t o save as much symmetry as possible, there were proposals t o have CP s t r i c t l y conserved. For a number of years, t h i s proposal was in agreement with a l l experimental results. B u t in 1964 Christenson, Cronin, Fitch and Turlay found 37 that CP conservation also was not s t r i c t l y valid. Because of the CPT theorem, i t i s believed that time reversal invariance is also not s t r i c t l y valid.
6. Comments -The investigation of the violation of the discrete symmetries have continued in many directions up t o t h i s day. Much has been learned about the phenomena of P, C and CP nonconservation. Theoretically, the two most important conceptual developments resulting from these investigations are f i r s t , the r e a f f i r m a t i~n~~ of an e a r l i e r 2 component theory of the neutrino3', and second the very remarkable analysis of Kobayashi and ~a s k a w a~' i n 1973 that t o accommodate CP nonconservation, f o u r quarks are n o t s u f f i c i e n t . Technically, t h e v i o l a t i o n o f P conservation made possible t h e production o f p o l a r i z e d beams o f p a r t i c l e s which f a c i l i t a t e d many experimental studies.
But t h e fundamental reason f o r t h e v i o l a t i o n o f t h e d i s c r e t e symmetries r e -
mains unknown today. I n f a c t , t h e r e does n o t even seem t o be any suggestion o f a possible r a t i o n a l e f o r these v i o l a t i o n s . Such a r a t i o n a l e , I believe, must e x i s t since a t t h e fundamental l e v e l , we have learned t h a t t h e t h e o r e t i c a l s t r u c t u r e o f the physical world i s never w i t h o u t reason. (54) and (209) and discussions of these equations in the l a t t e r paper. 
FOOTNOTES
6~t i s interesting t h a t H. Weyl wrote in November 1930, in the preface t o the second German edition of his The Theory of Groups and Quantum Mechanics
The fundamental problem of the proton and the electron has been discussed in its relation t o the symmetry properties of the quantum laws with respect t o the interchange of right and l e f t , past and future, and positive and negative e l e c t r i c i t y . A t present no solution of the problem seems in sight; I f e a r t h a t t h e clouds hanging over t h i s part of the subject w i l l roll together t o form a new c r i s i s in quantum physics.
[See H. P. Robertson's translation, (Dover, 1950 Well, I'm s u r e , t h i s t a l k of P r o f e s s o r Yang w i l l s t a r t a l o v e l y d i s c u s s i o n among t h e members of t h e round t a b l e and a l s o among t h e audience. So I w i l l u s e t h e chairman p r i v i l e g e , may b e t o speak t o h i s t o r i a n s because, t h i n g s which a r e so c l e a r f o r u s and of c o u r s e w h i c h w e r e s o c l e a r f o r Wigner i n t h e b e g i n n i n g of t h e 3 0 ' s were n o t a t a l l c l e a r f o r t h e p h y s i c i s t s . For i n s t a n c e , I could g i v e a l i s t of p e o p l e w h o v i o l a t e d p a r i t y w i t h o u t knowing i t . Among t h e p h y s i c i s t s we spoke about t h i s m o r n i n g a n d I h a v e g r e a t r e s p e c t f o r , was f o r example Toushek, i n h i s p a p e r on double 8-decay. I quoted y e s t e r d a y Enatsu who had t h e most economical v e c t o r meson, i n t e r m e d i a t e boson b e f o r e 1950 ; I could quote s e v e r a l o t h e r people. I even c o u l d quote P a u l i w h o m a d e a m i s t a k e about some argument i n p a r i t y a n d t h i s happenedin a l e t t e r . He answered me s a y i n g M Y e s b u t Michel you made a m i s t a k e on charge conjugation". That was t r u e , of c o u r s e , and t h e only excuse I could make i s t h a t P r o f e s s o r Kemmer d i d i t b e f o r e m e , i n h i s famous paper on charge independance. Well I would n o t l i k e t o speak o n t i m e -r e v e r s a l ; I have a l s o t o accuse myself of a s i n a g a i n s t time-reversal in 1951.You s e e , i t was bef o r e I went t o P r i n c e t o n and knew Wigner b u t i f I had t o make t h e l i s t of p a p e r s who v i o l a t e d t i m e -r e v e r s a l , I would need s e v e r a l h o u r s . So I t h i n k t h a t w e s h o u l d a s k f o r q u e s t i o n s t o P r o f e s s o r Wigner about p a r i t y and time r e v e r s a l . You u n d e r s t o o d t i m e r e v e r s a l l o n g b e f o r e any p h y s i c i s t . You wrote on i t i n 1932 a n d 1 rememberthecontrov e r s i e s i n 1951 f o r i n s t a n c e . I t j u s t happens t h a t now t h a t Pand T i n v a r i a n c e s a r e two approximate laws of n a t u r e . Would you l i k e t o g i v e us your rememberance o r comments ?
E. W1GNER.-I must admit t h a t I was r e a l l y g r e a t l y s u r p r i s e d by t h e v i o l a t i o n of r e f l e x i o n symmetry. I was n e v e r s u r p r i s e d by t h e v i o l a t i o n of charge symmetry. Iknew t h a t most of t h e e l e c t r o n s on t h i s e a r t h a r e n e g a t i v e l y c h a r g e d and mostof t h e p r o t o n s a r e p o s i t i v e l y charged b u t t h a t t h e r e i s an asymmetry w i t h r e s p e c t t o r e f l e x i o n was a s o r t of a shock t o me. Perhaps, I mention something which b o t h e r s me v e r y much :
Doctor Cox s e n t me an a r t i c l e on 8-decay and h i s a r t i c l e c l e a r l y showed t h e l a c k of v a l i d i t y of space symmetry.
L. M1CHEL.-When was t h a t ?
E. W1GNER.-Much b e f o r e : 1932 o r 33 and I wrote back t o him t h a t your experimental r e s u l t s seem t o c o n t r a d i c t r e f l e x i o n symmetry and I would look a t it more c a r r e f u l l y and he withdrew t h e a r t i c l e and i t embarasses me e v e r s i n c e because I t h i n k t h e a r t i c l e was c o r r e c t . But t h e s e t h i n g s happen.
C.N. YANG.-May I say something about t h i s ? The Cox experiment was analysed i n g r e a t d e t a i l s i n a r t i c l e s by Lee Grodzins.Onewas i n "Adventures i n Experimental Physics" e d i t e d by Maglib i n which he reached t h e f o l l o w i n g c o n c l u s i o n : t h a t t h e magnitude of t h e e f f e c t t h a t Cox found ( i t ' s about h e l i c i t y of 6-decay) was roughly c o r r e c t but h i s s i g n was wrong. Grodzins t h e n added t h e s t a t e m e n t t h a t he b e l i e v e d t h a t t h e experimentwas r i c h t , b u t i n t h e d a t a a n a l y s i s , Cox gave i t t h e wrong s i g n . E. AMALD1.-As p o i n t e d o u t by Yang a l r e a d y i n 1928 and 1930 a few experiments had provided evidence f o r a l o n g i t u d i n a l p o l a r i z a t i o n of t h e e l e c t r o n s . These p a p e r s h a v e been amply d i s c u s s e d i n r e c e n t y e a r s and t h e c o n c l u s i o n h a s been reached t h a t t h e r e l a t i o n of t h e s e r e s u l t s t o t h e c o n s e r v a t i o n of p a r i t y was n o t recognized o r unders t o o d by any contemporary p h y s i c i s t s , i n c l u d i n g t h e a u t h o r s t h e m s e l v e s . T h e r e f e r e n c e s t o t h e s e p a p e r s a r e g i v e n a t t h e end of my r e p o r t on "Beta decay opens t h e way t o weak i n t e r a c t i o n s " 1991 / l o o / .
L. M1CHEL.-I can g i v e a n o t h e r anecdot about "could be" p a r i t y v i o l a t i o n e x p e r i m e n t s . I t j u s t happened i n 1955. Bouchiat and I , we computed c o r r e l a t i o n s i n t h e MQller s c a t t e r i n g e l e c t r o n -e l e c t r o n o r i n t h e Bhabba s c a t t e r i n g , and t h e n Halban, who i s no l o n g e r w i t h u s , came and s a i d t o me : "Oh I would l i k e t o make t h i s experiment, i t ' s v e r y i n t e r e s t i n g ; i s i t v e r y important ?". Well I t o l d him, you know Q E D i s v e r i f i e d up t o t h e 6 t h decimal (about t h a t a t t h a t time) so i f you w a n t t o m a k e t h i s experiment within 10% or even 1% accuracy thatwould be a great thing, but may be it will not teach us many things. Anyway they started the experiment with 3 2~ sources but YOU know 3 2~ has only a two week lifetime. And after having bought 3 sources, they run out of patience, may be offund and of time and they haven't published. When the bomb of parity violation occured, they came to me and said "Well, what can we do ?" I said : "Well just do the same experiment again". They did a similar a similar experiment. What about time-reversal Professor Wigner ? You spoke of parity but you were also accused to be the first one to establish time-reversal for us in quantum mechanics after this beautiful paper of Kramers, that you quoted and that we read. Have youanything to comment about time reversal ? I would say that time reversal is just one of this examples of the quotation I read in Review of Modern Physics where Wigner understood physics but the physicists didn't understand Wigner. In that case for about 20 years.
E. W1GNER.-Frankly, I was fully convinced that both time reversal invariance and reflexion symmetry are valid. It was a great shock to me when the lack of validity of these was proved. Of course I was fully aware of the fact that the entropy increases, but I gave a very different explanation for that, based on initial conditions, and I think that that explanation is valid andit isn'tthe absenceof time reversal invariance that causes the entropy increase. But I must say I have a great respect for those who were bold enough to anticipate that these invariances are not valid. I don't know whether it is conceivable that the lack of validity of these invariances also depends on the initial conditions. Surely the fact that all electrons in this table are negatively charged is a result of the initial conditions. But it is not at all clear that the aforementioned lack of symmetry can also be reduced to the lack of symmetry of our world. It is possible to think that the whole existence of theweak interaction is due to some initial condition of the world, but I can't believe it and therefore I am as puzzled as before by the lack of validity of these invariances. If webelieve in the simplicity and beauty of all laws of nature, these invariances should be valid. Would you contradict me ? C.N. YANG.-I think, everyone's initial orientation is to prefer more symmetry rather than less. The point that this table is fullof electrons and not full of positrons, there are now theories, which remain to be proved, that in some sense understandthis. I think the question of symmetry and the manifestation of nature which is not so very symmetrical, the marriage of the two terms of broken symmetries, isamost interesting idea. But the details of this idea still remain to be clarified. I think we will have a very interesting time in the future.
L. M1CHEL.-You spoke about the CPT symmetry and this one is not yetbroken. Everybody believes in CPT symmetry. Nevertheless you have a problem : why is there only matter around us ? If you don't want to break CPT symmetry you haveto thinkof several steps, if you want to start from a charge-symmetric Big Bang. And many people wanted that. It's Sakharov who first showed how is preserve CPT invariance, start from a C symmetric Big Bang and have now more matter than antimatter. He did it in 1967, so his paper is outside the scope of this conference but it's still history. It just happenedthatthe term that Sakharov introducedgave to the proton a lifetime of 1050 years. Thanks to gauge theory, this value has been reduced, and could be experimentally tested now. In most great unification schemes proton should decay. So now we questionbaryonic charge conservation but we still do not know the answer. Recently Fleche and Souriau, from the corpus of quasar observations, have proposed convincingly a model of our universe which is symmetric between matter and antimatter, but that antimatter is very far: it has to be further than 10 billion years.
E. W1GNER.-I would very much like to make one more remark. We very well knowthat the initial conditions do not show any symmetry, they are in some sense as irregular as possible. Dr. Anderson is there and there is no Dr. Andersononthatside. The question therefore arises : will the separation of initial conditions from the laws of nature (inmy opinion Newton's greatest accomplishment)prove to be absolutely valid or is the interaction of the initial conditions with the laws of nature responsible for the absence of some symmetry in the latter. t?e know that, according to Ernst Mach, all known laws of physics are approximate and, if so, this is true also of Newton's separation of initial conditions and laws of nature. You know that Dirac made the suggestion that the ratio of electromagnetic and gravitational forces depends on the density of the universe, and since that decreases, the law of nature postulating the time invariance of this ratio is not valid. Hence it is really possible that some lacks of invariance are due to the lack of symmetry of the world around us.
I thought it would be good to call attention to the possibility that the lack of reflection invariances of weak interactions is due to theassymmetryof the state ofour universe. I thought I should call attention to this possibility even though I cannot really believe it.
Y. YAMAGUSH1.-Let me know the answer posed by Professor Yang. Who was thegodfather of "parity" ? E. W1GNER.-I have no idea. But it is not a very great invention, this word. E.C.G. SUDARSHAN.-I would like to add a comment to Professor Yang's presentation : there is one context in whichmaximalparityviolation increasedtheharmonyinphysics. 1
As long as the free particle is considered as the basic unit the massive spin 7 1 particles and massless spin -particles have quite different realization ofthePoincar6 group. The massive ones2have irreducible representations into two spin states, but massless ones have only one. The work in 1956 put the maximal parityviolationin correspondance with the two component neutrinos. However Marshak and I found by an analysis of weak interaction experimental data that the chiral components alone were involved even for massive particle fields and we presented it in 1957 at the PaduaVenice Conference. The chiral decoupled in the anticommutation rules 1 for the spin -fields. Thus the proper point of viewis toinclude the particle masses 2 in the dynamical (interaction This emphasis that we made about the chiral components proved correct for hy nonleptonic decays ; and is absolutely essentialfor the standard model with SU(3)xSU(2)xU (I) and in grand unified theories. SoIwish to emphasize the importance of seeing the chiral componentsand chirality inthe development of weak interactions and particle physics in general.
V. TELEGD1.-1) Regarding the Cox experiment, the outcome of which I do not consider trustworthy, it is interesting to note the year : 1928. The spin was brand new, and Mott's paper was not yet in existence. Cox had the idea to performananalogofMalus' celebrated ixperiment in optics, which contributed ,so much to establish the "spin" of light. In fact, Malus introduced the word "polarization" into optics.
2) When the nonconservation of parity was established, we proposedtostudy the decay of polarized neutrons. These were available at Argonne, and the great expert on them was Dr. R. Ringo. When we discussed the matter with him, he said that after Robson's experiments with (unpolarized) neutrons he had proposed what we wanted, but that the most senior theorist at Argonne had talked him out of it, saying that in virtue of parity conservation no new observable effects could arise ! ! Y. NE'EMAN.-I) With respect to initial conditions (Professor wignerts remark) -one ---wonders why those of the Universe are so symmetrical.
2) About Symmetry, and the dislike of Group Theory mentioned in Professor Yang's transparency from Herman Weyl's book ("the group pest"). Symmetry is inthenature of Science, since it corresponds to generalization, removal of "particular cases". For example "all directions should be similar". So Group Theory should have been "in" from the beginning. However, there is always a dislike of new mathematics in each generation, and so Group Theory tended to be rejected in the beginning.
